10. Mansfield, C., Newman, J.L., Olsson, T.S.G., Hartley, M., Chan, J., and Coen, E. Recent results on the thermal biology of unicellular fungi provide evidence that pigmentation is an ancient adaptation for harvesting solar radiation. A new model system promises novel opportunities for quantifying radiative heat transfer and improving biophysical models.
Most children love chocolate ice cream but are dismayed to learn that this frozen delight melts faster than the lightercolored vanilla ice cream under the hot summer sun. Indisputably more alarming is the recognition that Greenland's ice sheet is melting more rapidly than hitherto predicted. A dark film of microorganisms and dust that covers a considerable part of its surface (Figure 1) is to blame for the higher melting rate [1] . Such observations intuitively suggest that the dark pigmentation (melanism) of organisms is an adaptation to cold environments, where darker-colored species absorb more solar radiation and benefit from higher heating rates, which leads to higher overall body temperatures [2] . By contrast, lightercolored species in warm environments should benefit from enhanced reflection of radiation and hence a reduced risk of overheating. Textbook examples of organisms using this mechanism-called thermal melanism-for harvesting solar radiation include butterflies, dragonflies, and reptiles, which often bask in the sun while at rest [3] . Current Biology
Dispatches been rigorously tested owing to the increasingly available data on the distribution and color of species. Studies to date focused on ectothermic species, which directly depend on the absorption of energy from their environment for survival, growth, and reproduction [4] . Their results highlight that the color lightness of reptile and insect species and species assemblages consistently decreases from warm to cold regions of the world and from lower to higher altitudes [5] [6] [7] [8] [9] [10] [11] [12] . As ectotherms include the overwhelming majority of animals (some sources estimate 99.9% [13] ), thermal melanism might be of general importance for life on Earth. However, studies on basal organisms have been lacking. A study by Cordero et al. [14] in this issue of Current Biology now shows that thermal melanism is also important for the heat gain, growth, and distribution of unicellular fungi, suggesting that color-based thermoregulation is deeply rooted within the phylogeny of eukaryotic life. Because many unicellular fungi can be easily grown in the laboratory, they are an ideal model for answering some of the remaining questions about the mechanistic link between color lightness and the physiology and ecology of a species. Current support for the benefits of thermal melanism is limited to estimates of locomotor performance, activity, and mating success [7] (but see [15] ). However, the relationship between color lightness and estimates of a species fitness (that is, fecundity, growth, and survival) remain poorly understood. This is because of the inherent difficulties in monitoring individuals and controlling for confounding factors (including genotype, body size, and possible other functions of melanin) in the field, and because of the longer developmental times of higher animal taxa [7] . The Cryptococcus neoformans model system developed by Cordero et al. [14] provides an opportunity to overcome these limitations and will certainly stimulate future research at the frontiers of chromatology and thermal biology. The authors utilized the ability of C. neoformans to assimilate a wide range of pigment precursors. They generated 15 clonogenic variants with colors ranging from cream to orange, brown, red, and black and exposed them to solar radiation. Their results clearly show that dark-colored variants grow better than light-colored variants when incubated in the cold but grow more poorly when incubated at higher temperatures.
Recent advances in understanding the ecological importance of thermal melanism have been vastly facilitated by estimations of the color lightness of a species based on drawings in field guides or standardized images [5, [8] [9] [10] [11] [12] ]. An obvious limitation of this approach is that it estimates only the portion of the electromagnetic spectrum that is visible to the human eye and does not account for ultraviolet or near infra-red radiation. Near infra-red radiation is especially relevant for thermoregulation because it comprises more than 50% of the total incident radiation, and most of it is directly converted to thermal energy [16] . Thus, if the visible and near-infrared absorptivities are not correlated, color estimates obtained from digital images could be poor proxies for heating rates [17] . This could have been an inherent problem in earlier studies, which inferred the effect of color lightness indirectly by estimating absorptivity rather than by determining heating rates [7] . Cordero et al. [14] , by contrast, directly measured heating rates and demonstrated that irradiated darker-colored variants heat up faster and reach higher temperatures than do light-colored variants. Interestingly, their estimates of absorptivity based on average RGB color values of images were strongly and linearly correlated to heating rates. Hence, although more studies are needed to transfer this relationship to higher animals, their results indicate that digital images are suitable proxies for heating rates.
Using a global database of isolates of 358 species of the two main phyla of higher fungi, the authors placed their experimental findings in a broader spatial context. Specifically, they showed that basidiomycetes (mushrooms) are, on average, darker-colored than are ascomycetes (sac fungi). In addition, the color lightness of fungal assemblages clearly decreased from the equator to the poles. As far as we know, this is the first empirical evidence for a geographical pattern of color lightness for fungi and, indeed, for any unicellular organism.
One question that arises in the light of these new results is: What is the relative importance of the other functions of melanin and of other thermoregulatory mechanisms for the variation in the color These microorganisms capture heat, which causes the temperature in these structures, called cryoconites, to increase several degrees higher than ambient temperatures. The warmer areas create an environment favorable for microbial growth, which in turn fuels melting. Photos (by Joseph Cook) taken from icealive.org.
lightness of a species? Melanin can be found, for example, in fur, feathers, and skin of animals, in plant roots, and in some fungi and bacteria [18] . Although we are only beginning to understand the importance of melanin, its omnipresence suggests that some of its functions are fundamental for eukaryotic life. Besides its involvement in thermoregulation, melanin also protects DNA from damage by UVB radiation and enhances resistance to pathogens [5, 8, 19] . In addition, melanin-based color patterns of a species serve as camouflage or visual signal [16, 19] . Together with other morphological and behavioral mechanisms of thermoregulation, such as body size or wing whirring [3, 10] , these possible confounding factors could offset the importance of thermal melanism for any single given species or location. We are convinced that the fungal model system developed by Cordero et al. [14] , along with further experimental studies, will contribute to a better understanding of how these factors interact as well as of their relative importance for intraspecific and interspecific variation in color lightness.
Another important question that arises is: Is thermal melanism also relevant for the physiology and distribution of other unicellular organisms? The multitude of unicellular organisms of all three domains of life have important ecological functions and are of major economic value. For instance, methanogenic archaea in Siberia's melting permafrost and the cryoconite bacteria and algae on the Greenland ice sheet (Figure 1 ) are important factors contributing to global climate change [1, 20] . The results of Cordero et al. [14] show that the theory of thermal melanism also holds for unicellular fungi. Color-based thermoregulation might therefore be of much more general importance than previously thought. If thermal melanism is also important for other microorganisms, their growth and heating rates based on estimates of color lightness could be quantified and incorporated as proxies for physiological performance into biophysical models. Such models have the potential to greatly improve predictions of species distributions and current climate models.
The finding that color lightness is relevant for the thermoregulation of fungi is not only important for understanding the processes that shape the distribution of microorganisms but also suggestive that thermal melanism might have been of major significance for the evolution of eukaryotic life. In other words, melaninbased conversion of harmful solar radiation into useful biological energy might represent another crucial and general mechanism in addition to photosynthesis that enabled the earliest land-living organisms to survive and grow.
